. (2012). Oxidation of acid-volatile sulfide in surface sediments increases the release and toxicity of copper to the benthic amphipod Melita plumulosa. Chemosphere, 88 (8), 953-961. Oxidation of acid-volatile sulfide in surface sediments increases the release and toxicity of copper to the benthic amphipod Melita plumulosa Abstract Acid-volatile sulfides (AVS) are an important metal-binding phase in sediments. For sediments that contain an excess of AVS over simultaneously extracted metal (SEM) concentrations, acute or chronic effects should not result from the metals Cd, Cu, Ni, Pb and Zn. While AVS phases may exist in surface sediments, the exposure to dissolved oxygen may oxidize the AVS and release metals to more bioavailable forms. We investigated the role of oxidation of AVS, and specifically copper sulfide phases, in surface sediments, in the toxicity to juveniles of the epibenthic amphipod, Melita plumulosa. Sediments containing known amounts of copper sulfide were prepared either in situ by reacting dissolved copper with AVS that had formed in field sediments or created in sediments within the laboratory, or by addition of synthesised CuS to sediments. Regardless of the form of the copper sulfide, considerable oxidation of AVS occurred during the 10-d tests. Sediments that had a molar excess of AVS compared to SEM at the start of the tests, did not always have an excess at the end of the tests. Consistent with the AVS-SEM model, no toxicity was observed for sediments with an excess of AVS throughout the tests. However, the study highlights the need to carefully consider the changes in AVS concentrations during tests, and that measurements of AVS and SEM concentrations should carefully target the materials to which the organisms are being exposed throughout tests, which in the case of juvenile M. plumulosa is the top few mm of the sediments. 
Introduction
It is widely recognised that for sediments containing a molar excess of acid-volatile sulfide (AVS) over 
50
The redox conditions in sediments are usually stratified and zones are frequently referred to as oxic, sub-51 oxic, and anoxic (Jorgensen and Revsbech, 1985; Kristensen, 2000) . In the present study, we refer to oxic transfer of metals to more bioavailable forms). When exposed to dissolved oxygen, copper sulfide phases are slow 60 to oxidise compared to iron and manganese sulfide phases (Simpson et al., 1998; Caetano et al., 2003) . Copper that 61 is released during the oxidation of copper sulfide phases is expected to become rapidly adsorbed to particulate 62 organic carbon or iron and manganese oxyhydroxide phases (Chapman, et al., 1998; Simpson and Batley, 2003;  63 Eggleton and Thomas, 2004) . Through the combination of the slow metal-sulfide oxidation processes, adsorption 64 to sediment particles and dilution in surrounding water, dissolved metal concentrations in surface pore water and the dissolved phase and through ingestion of sediment particles contribute to toxic effects for this epibenthic 78 deposit-feeding amphipod ( 
118
The preparation, manipulation and equilibration of the copper-spiked sediments were carried out in a 119 nitrogen gas-filled glove box at room temperature following the procedures described in Simpson et al. (2004) .
120
The sediments were thoroughly homogenised by mixing with a plastic spoon and then on a bottle roller for 2 h at 121 least twice per week. At higher copper-spike concentrations, the pH decreased, so the pH of the sediments was 122 adjusted to pH 7.5 with 1 M NaOH one day after copper-spiking and maintained at this pH by small additions of
123
NaOH throughout the one-month equilibration period. Changes in pH, redox potential, and dissolved metals in the 124 pore water were monitored during this period.
125
Three methods were used to create substrates containing copper sulfide. 
211
Results of the toxicity tests were reported as percentage survival in test sediments relative to controls.
212
Methods for statistical treatment of the data have been described previously (Spadaro et al., 2008 
236
For the AVS-Cu and FeS-Cu series sediments, the copper sulfide was allowed to form in situ by reaction of 237 copper with iron sulfide, FeS, which is the major AVS phase in most sediments. As AVS was liberated from the
238
FeS phases, but not from copper sulfides phases, the changes in AVS measured were used to determine that the 239 stoichiometry of the copper sulfide phases forming were Cu 2 S, rather than CuS (Table S1 and Figure Table S1 ) and the measured SEM-Cu was initially just 1-2% of the total copper (Figure 1d ).
247
The 18 and 11 µmol g -1 AVS-Cu series sediments were prepared by mixing the highly sulfidic and oxic base 248 materials, and the copper-spiked sediments contained either no excess or a small excess of AVS over added copper.
249
The SEM-Cu measured (before tests) represented 18-23% and 39-46%, respectively, of the added copper.
250
Consequently, while the AVS analyses indicated that Cu 2 S phases had formed, the SEM-Cu results indicated that a 251 significant portion of the sulfidised copper was extractable due the presence of oxidised iron phases.
252
For the FeS-Cu series, the initial SEM-Cu concentrations ranged from 20-48% of total copper (Figures 1e, 253 Table S1 ). While such high extractability of SEM-Cu was not expected due to the significant excess of AVS over (Table S1 ). This is consistent 
280
Signification oxidation of AVS was expected to be detected due to the thin layers of sediments used in these tests.
281
Previously studies have also observed significant decreases in AVS concentrations during toxicity tests (Casas and 
288
The degree of oxidation of the surface sediments was very evident from the changes in SEM-Cu. 
295
Owing to the differences in iron chemistry and the influence of iron on the extraction of SEM-Cu, it was not 
313
The time-averaged dissolved copper concentrations were determined from dissolved copper measurements 314 on days 1, 5 and 10 of the tests (Figures 2a and b) . In general, the mean dissolved copper concentrations increased CuS experiments, and the dissolved copper released at the SWI was expected to be rapidly diluted due to the 338 continual mixing of the overlying waters created by the gas bubbling. In past studies of copper with juvenile M. Table S1 ). For the three AVS-Cu series, the toxicity was less in the sediments that had the greater AVS 378 concentrations (Figure 2c ), which is consistent with AVS reducing the bioavailability of copper. 
